A numerical study for steady MHD flow of liquid metal through a square duct with slip walls has been carried out. An intense external magnetic field is acting normal to two walls of the square duct which are considered as slip walls. The numerical solutions for velocity and induced magnetic field have been obtained by using a 5 point stencil central difference scheme. Solutions for velocity and induced field for different values of Hartmann number and with consideration of a fixed value of slip length parameter are presented graphically.
INTRODUCTION
The study of liquid metal MHD flow through duct of different geometrical cross section is gaining importance due to its practical application such as casting of steel, aluminum reduction etc. The study of liquid metal MHD flow also arises in the development of tritium breeder coolant blanket of a fusion reactor. In such a of MHD duct flow in a fusion environment certain issues arises which are not observed on ordinary MHD flow. Certain additional issues may arise if one considers a high Hartmann number MHD flow. The slip condition is one of such a issue which may arise, particularly where silicon carbide coated insulated walls are included as interior layer of the duct, in a very high Hartmann number liquid metal flow.
The issue of "slip and no-slip" condition is a matter of interest in certain cases of MHD flow problems. Slip condition for fluid at solid boundary was first proposed by Navier [1] . According to Navier' Kamrin et al. [8] derive a general formula for the effective slip describing equivalent fluid motion at the mean surface as depicted by the linear velocity profile that arises far from it. The solution of fluid velocity at the walls, solutions of MHD problems involving contact with solid wall requires knowledge not only of the governing differential equations but also the boundary condition imposed on the tangential component of fluid velocity at the walls [9] . Recently Sarma et al. [10] numerically studied the flow of liquid metal through a square duct under the action of strong transverse magnetic field.
In this paper a study on MHD liquid metal flow through a square duct in high Hartmann number environment has been presented. For such a high Hartmann number environment, in most cases, insulated coatings are employed to reduce the associated pressure drop in flow due to intense induced current in the fluid. In this problem Hartmann walls of the duct are considered to be associated with slip condition and the side walls with usual no slip condition.
FORMULATION OF THE PROBLEM
In this problem, a steady motion of liquid metal through a square duct has been considered. It is assumed that flow in the duct has been driven by pressure gradient and a strong transverse magnetic field is acting on the flow.
Here, the following assumptions are made: The equations describing the MHD duct flow problem are
and
The above systems of equations under given velocity and magnetic distribution become 
Numerical Methods
Here, Eq. (5) and Eq. (6) are coupled non-linear equations which are to be solved using boundary condition given in Eq. (7). In view of complexities it is not convenient to obtain a closed form solution particularly in the case of high Hartmann number flow. Here attempt has been made to solve the governing equations by finite difference method. These equations Eq. (5) and Eq.6) with boundary condition given in Eq. (7) 
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RESULT AND DISCUSSION
The velocity profile of liquid metal flow inside the square duct has been obtained by numerical solution of Eq. (8) and Eq. (9) using finite difference scheme for different magnetic field strengths. The computations are carried out for Hartmann number M =100, 200 and 300. In the duct, along with increase of imposed field strength, pressure drop phenomena become intense due to increased JB  force. The computed results on velocities are plotted in Fig.6 to Fig.8 . The pressure drop phenomenon is clearly visible in the 3d graphical presentation of flow field. It is observed that increased pressure drop effect is observed in Fig.6-Fig.8 with the gradually increased Hartmann number.
In this investigation slip effect at the Hartmann walls is included. Due to the slip velocity at walls a lift has been observed in the velocity profile in the duct. It is observed that the effect of slip condition of Hartmann walls is countered by pressure drop effect due to intense magnetic field.
In earlier studies on liquid metal flow through duct with consideration of high Hartmann number that generally arise in tritium breeder blanket design nuclear in fusion reactors, slip condition at the walls are not considered. Many observational reports [11] , [12] and [13] suggest that slip may arise at walls in a liquid metal MHD duct flow. In a very high imposed magnetic field condition, associated pressure drop be considerably reduced if silicon carbide coating is applied for electrical insulation of the walls. For such insulated walls slip condition is most likely occurs.
The problem of MHD flow through duct with consideration of hydrodynamic slip condition for the Hartmann walls was carried out by Smolentsev [7] analytically by using Fourier Transformation. In this, investigation, the solution has been obtained for flow with Hartmann number upto 100 M  .
The computed result of this investigation are in good agreement with analytic solution for 3d-flow obtained by
Smolentsev [7] , where value of Hartmann number is small. The numerical approach considered in this study is more effective over the analytical approach. It is possible to investigate duct flow with slip walls for much higher value of Hartmann number.
From the above investigation it is observed that if slip wall condition is included flow in duct may experience a lift. In the fusion reactor environment, for designing tritium breedercoolant blanket it is essential to consider the liquid metal such as PbLi through a very high Hartmann number condition due to the presence of intense plasma confining magnetic field. In such duct flow to reduce the pressure drop phenomena insulated interior is required. In such insulated interior silicon carbide layer is introduced for which slip condition is most likely to involve. Numerical approach for dealing with liquid metal flow for much higher Hartmann number with slip effect at the wall is important. 
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